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1 Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



























This contribution discusses the aspects related potential enhancements on configured grant for NR-U
2 Discussion
In unlicensed operation, if a UE has a data packet to be transmitted to a gNB, multiple channel access procedures (e.g. LBT) are required for uplink grant and the corresponding UL transmission. Therefore, it was identified during Rel-13 LAA SI that channel access opportunity for uplink data transmission of LTE-LAA UE is significantly degraded. That is, for UL-grant based transmission, the channel access opportunity is much less than Wi-Fi due to LBT at both eNB for uplink grant transmission and at UE for UL transmission scheduled by UL-grant, while only one LBT at UE side is required in Wi-Fi system. In addition, the deterministic transmission timing indicated by UL-grant forces UE to wait and perform additional channel sensing right before the indicated UL subframe even though UE may already succeed in LBT at an earlier time, which is at risk of losing the channel occupancy. Worse still, the latency between UL grant and the corresponding UL transmission also make UE more susceptible to lose the channel occupancy. Therefore, in Rel-15 FeLAA WI, autonomous UL(AUL) transmission is to be introduced to reduce the performance degradation of LAA UE compared with Wi-Fi terminals by allowing UL transmission without grant in a semi-persistent manner. The benefit of supporting AUL transmission was concluded as follow:
Conclusions:
· RAN1 observes the following for autonomous uplink access
· UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission
· UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where few nodes contend for the channel

In NR, to minimize PDCCH overhead and the latency between UL grant and the corresponding UL transmission, a gNB can allocate uplink resources periodically for the initial HARQ transmission to UEs with configured grants. Following two types of configured uplink grant are defined:
· With Type 1, RRC directly provides the configured uplink grant (including the periodicity).
· With Type 2, RRC defines the periodicity of the configured uplink grant while PDCCH addressed to CS-RNTI can either signal and activate the configured uplink grant, or deactivate it; 
· i.e. a PDCCH addressed to CS-RNTI indicates that the uplink grant can be implicitly reused according to the periodicity defined by RRC, until deactivated.
After an uplink grant is configured and initialized, the UE can assume that the Nth uplink grant occurs periodically. For example, for a configured grant type 1, the Nth uplink grant occurs associated with the symbol for which:
· [(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
Similarly, the Nth uplink grant for a configured grant type 2 occurs associated with the symbol for which:
· [(SFN×numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = [(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PUSCH where the configured uplink grant was (re-)initialised.
When a configured uplink grant is active, if the UE cannot detect PDCCH(s) with CRC scrambled by C-RNTI/CS-RNTI, an uplink transmission according to the configured uplink grant can be made unless UE’s buffer is empty. Otherwise, if the UE detects PDCCH(s) with CRC scrambled by C-RNTI/CS-RNTI, the PDCCH allocation overrides the configured uplink grant. It is noted that retransmissions other than repetitions are explicitly allocated via PDCCH(s). Therefore, it is quite obvious that supporting a design for configured uplink grant is beneficial for NR unlicensed operation so that NR-U should support UL transmission by configured uplink grant.
Proposal 1: NR-U should support both types of configured uplink grant.
However, configured uplink design in NR considers operation in licensed band there may have some limitations to apply the design to NR-U. For example, for configured uplink grant, retransmission of UL transmission by configured uplink grant can be performed by only dynamic uplink grant, which would result in uplink performance degradation. Another example is that for configured uplink grant the HARQ process ID associated with the first symbol of a UL transmission is derived from the following equation
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot. Note that CURRENT_symbol refers to the symbol index of the first transmission occasion of a repetition bundle that takes place. Since HARQ process ID for configured uplink grant is derived by a slot index, if the UE fails to access the channel on a HARQ process ID, the UE needs to wait until the next resource associated with the HARQ process ID, it would increase latency significantly. Furthermore, NR only support HARQ feedback for configured UL transmission by dynamic uplink grant with toggled NDI, channel access procedure for uplink transmission including grant-based UL transmission can be limited unnecessarily because contention window for channel access procedure is reset when the UL transmission for a reference subframe is successfully received at the eNB, which should be avoided. Therefore, potential enhancements on HARQ operation of configured uplink grant should be studied for NR-U.
Proposal 2: Potential enhancements on HARQ operation of configured uplink grant including HARQ feedback aspects should be studied for NR-U.
In ETSI BRAN harmonized standard for 5GHz unlicensed spectrum, it is allowed that an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current channel occupancy time (COT). That is, an UE initiating UL transmission can share the channel with the eNB for downlink transmission within the UE’s occupied COT, which can minimize eNB’s effort to access the channel. To realize UL-to-DL MCOT sharing, a new reporting mechanism is introduced to indicate Channel Occupancy Time (COT) sharing indication on the AUL PUSCH to the eNB. Since UL-to-DL MCOT sharing can minimize eNB’s effort to access the channel, it is desirable for NR-U to support UL-to-DL MCOT sharing mechanism, and aspects for enabling MCOT sharing between configured UL transmission and downlink should be studied for NR-U.
Proposal 3: Aspects for enabling MCOT sharing between configured UL transmission and downlink should be studied for NR-U.
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U should support both types of configured uplink grant.
Proposal 2: Potential enhancements on HARQ operation of configured uplink grant including HARQ feedback aspects should be studied for NR-U.
Proposal 3: Aspects for enabling MCOT sharing between configured UL transmission and downlink should be studied for NR-U.
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